Purpose: Many epidemiological studies have investigated environmental risk factors for the development of acoustic neuroma. However, these results are controversial. We conducted a meta-analysis of case-control studies to identify any potential relationship between history of noise exposure, smoking, allergic diseases, and risk of acoustic neuroma.
INTRODUCTION
Acoustic neuroma, also referred to as vestibular schwannoma, is a benign, generally slow-growing tumor that develops in the acoustic nerve Schwann's sheath in the inner auditory canal. This tumor constitutes about 6 percent of all intracranial tumors, with an incidence from 1 to 20 per million per year. [1] [2] [3] [4] The gender ratio (females/males) for acoustic neuroma has been reported to be greater than 1, and the mean age at diagnosis of tumor ranges from 50 to 55 years old. 1, 2 Due to better diagnostic tools and increased awareness of the disease, patients with acoustic neuroma can receive earlier diagnosis and better therapy.
Currently, the etiology of acoustic neuroma remains largely unknown. However, several studies have shown some predisposing factors for the development of acoustic neuroma, such as ionizing radiation, radio frequency electromagnetic fields (e.g., from mobile phone use), noise exposure, and allergic diseases. Studies of children from atomic bomb survivors in Japan have linked moderate to high doses of ionizing radiation to increased acoustic neuroma. 5, 6 Many case-control studies have investigated the risk of acoustic neuroma after mobile phone use with inconsistent results. [7] [8] [9] The systematic review by Hardell, et al. 10 indicated an increased risk for ipsilateral acoustic neuroma after >10 years of mobile phone use with a 4 ]. Until now, there is no systematic review analyzing the potential risk of history of noise exposure, smoking, and allergic diseases for acoustic neuroma. Thus, we carried out a meta-analysis of case-control studies to clarify whether these histories are risk factors of acoustic neuroma.
MATERIALS AND METHODS

Literature search
We searched PubMed to identify relevant studies published from the inception thereof to January 2015 using the following search terms: 1) "noise/sound", "smoking/tobacco/smoke/ cigarette", "allergy/autoimmune", and "risk factor"; 2) acoustic neuroma, vestibular schwannoma, and brain tumor. In addition, we searched the bibliographies of all identified relevant publications and the bibliographies from citations for relevant articles. Publication language was restricted. All studies identified by this process were subsequently screened by two independent reviewers (Chen and Fan).
Inclusion and exclusion criteria
Two reviewers (Chen and Fan) evaluated the studies independently and discrepancies were resolved through discussion. Articles were selected on the basis of the following criteria: 1) case-control study; 2) acoustic neuroma cases that were medically confirmed; and 3) raw data necessary to calculate OR with CI. Studies were excluded if they did not have adequate data to calculate ORs and 95% CIs. Generally, we chose studies with a relatively larger quantity for the same research.
Data extraction
The following data were extracted from eligible studies: study authors, publication year, study site, sample size (numbers of case patients and control subjects), research instruments, and research contents. The two investigators above extracted the necessary data independently from all included studies. ORs and their respective 95% CIs were calculated from available raw data.
Statistical analysis
Meta-analysis was performed on the extracted data with STA-TA 11 software (StataCorp, College Station, TX, USA). The heterogeneity between included studies was assessed using I 2 test. Heterogeneity was considered to be significant when I 2 >75% and p<0.05. The data from each study were combined using a fixed-effect model with the Mantel-Haenszel method in case no heterogeneity was presented. Otherwise, the random-effect model with the DerSimonian-Laird method was used for analysis.
RESULTS
Search results and characteristics of studies
After searching PubMed and the bibliographies of all identified relevant publications, as well as screening by the inclusion and exclusion criteria, 11 case-control studies were eligible. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] The study authors, publication year, study site, sample size (numbers of case patients and control subjects), type of control, research instruments, and research contents are all listed in Table 1 . 
Meta-analysis results
Noise exposure and acoustic neuroma
The included studies in the meta-analysis for the risk associated with noise exposure comprised eight studies. There was a high heterogeneity among these studies (I 2 =87.3%); therefore, a random-effects model was used to analyze the association between ever and never noise exposure. The OR was 1.15 (95% CI: 0.80-1.65). As the assessment of these studies indicated a high heterogeneity for occupational noise exposure (I 2 =86.4%), the random-effects model was used to calculate the OR of 1.20 (95% CI: 0.84-1.72). The OR for leisure noise exposure was 1.33 (95% CI: 1.05-1.68) with a fixed-effects model (I 2 =0.00%) (Fig. 1 ).
Smoking and acoustic neuroma
There were six studies including raw data on smoking. There was a high heterogeneity among these studies (I 
Allergic diseases and acoustic neuroma
Five studies were included in the risk analysis of allergic diseases (asthma, eczema, and seasonal rhinitis). A fixed-effects model was used for the analysis of asthma and eczema (I 2 = 51.9% and 55.2%), while a random-effects model was used for seasonal rhinitis (I 2 =88.8%). The ORs for asthma, eczema, and seasonal rhinitis were 0.98 (95% CI: 0.80-1.18), 0.91 (95% CI: 0.76-1.09), and 1.52 (95% CI: 0.90-2.54), respectively (Fig. 3) .
DISCUSSION
Our meta-analysis suggested an elevated risk of acoustic neuroma among individuals who were ever exposed to leisure noise, but not to occupational noise and ever occupational or leisure noise exposure. Our study also indicated a lower acoustic neuroma risk among ever and current cigarette smokers than among never smokers, while there was no significant relationship for ex-smokers. Furthermore, no significant associations were found between acoustic neuroma and history of any allergic diseases, such as asthma, eczema, and seasonal rhinitis.
Noise exposure and acoustic neuroma
In our study, acoustic neuroma was found to be associated with leisure noise exposure (OR=1.33, 95% CI: 1.05-1.68), whereas no statistically significant association was found between occupational noise exposure and acoustic neuroma (OR=1.20, 95% CI: 0.84-1.72). The eight studies employed two methods of data analysis: self-reports and job exposure matrix. We extracted the self-reported exposure data to analyze the result of noise exposure in our study. The self-reported exposure results of eight studies were inconsistent, which induced the negative Odds ratio
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Fig. 2. Odds ratio (OR) and 95% confidence interval (CI) for the association between (A) ever, (B) ex-smoker, and (C) current smoker versus never smoking and risk of acoustic neuroma.
A B C meta-analysis result. However, the two studies that used the job exposure matrix did not demonstrate an increased risk of acoustic neuroma related to occupational noise exposure, even after allowing for a long latency period. 15, 21 Two studies have implied loud leisure noise as a risk factor for acoustic neuroma, 17, 21 while the other two studies did not imply the same conclusion. 13, 16 However, the largest-sample study by Fisher, et al. 21 occupied the weight of 83.2%, which led to the elevated risk of acoustic neuroma for leisure noise exposure. The different results between the occupational and leisure noise exposure may be due to the healthy worker survivor effect. 22 The participants, who developed hearing loss or tinnitus under the condition of high-noise, may have left their occupations or transferred to lower noise exposure occupations. Furthermore, people may willingly expose unprotected ears to leisure noise levels that would be unacceptable in the working environment and the participants who are exposed to occupational noise may wear protection devices that reduce the risk of acoustic neuroma.
Although noise exposure has been a possible predisposing factor in the development of acoustic neuroma, the exact mechanism of noise on acoustic neuroma is still unclear. Experimental studies in rodents have shown clearly that severe acoustic trauma from impulse noise causes mechanical damage of the eighth nerve and the surrounding tissue. 23 The electrolytes disequilibrium of Cochlea fluids and free radicals by loud acoustic stimulation could induce DNA damage in cochlear cells. 17, 24, 25 If cancer risk is proportional to the number of proliferating cells that occurs during the repair process, as has been previously postulated, 26 it is then plausible that a benign tumor such as acoustic neuroma may arise due to cochlear hair cell trauma. In the course of cellular repair processes, cellular division results in replication errors of DNA that may in turn lead to chro- 
Smoking and acoustic neuroma
The OR of acoustic neuroma for the ever (versus never) smoking was 0.53 (95% CI: 0.30-0.94), while subgroup analysis indicated ORs of 0.95 (95% CI: 0.81-1.10) and 0.49 (95% CI: 0.41-0.59) for ex-smokers and current smokers, respectively. Only one study by Schoemaker, et al. 14 analyzed the role of cigarette smoking on the risk of acoustic neuroma, while other casecontrol studies only had the necessary data on cigarette smoking. Schoemaker, et al. indicated that the risk of acoustic neuroma was significantly reduced in subjects who had regularly smoked cigarettes, although the reduction occurred only in current smokers, not ex-smokers. There are two studies similar to our current work. 27, 28 One study by Palmisano, et al., 27 in which data were extracted from the study by Fisher, found that the risks for ever cigarette smoking, former smoker, and current smoker were 0.80 (95% CI: 0.61-1.04), 0.98 (95% CI: 0.73-1.32), and 0.54 (95% CI: 0.36-0.81), respectively. Another excluded cohort study by Benson, et al. 28 noted that current smokers were at significantly reduced risk of acoustic neuroma, compared with never smokers [adjusted relative risk (RR)=0.41, 95% CI: 0.24-0.70], and past smokers had no significantly different risk than never smokers (RR=0.87, 95% CI: 0.62-1.22).
The possible mechanisms for the inverse association between smoking and risk of acoustic neuroma are as follows: Both in vitro and in vivo animal studies have shown that nicotine exposure suppresses the severity of experimental autoimmune encephalomyelitis. 29, 30 This attenuated inflammatory response implicated nicotine as the chemical substance responsible for the protective effects on acoustic neuroma genesis. 27 Smoking has a hypoxic effect on human tissue, and the onset and duration of tissue hypoxia paralleled the well-established plasma pharmacokinetics of nicotine. 31 In vitro study showed a significant decrease in the Schwann cells survival after culture under a hypoxia/reoxygenation condition, which reduced the mRNA levels of brain derived neurotrophic factor (BDNF). 32 BDNF mRNA expression is significantly up-regulated in acoustic neuroma and correlated with proliferative activity, as shown by the analysis of the acoustic neuroma samples. 33 The latter pathway can reasonably explain why cigarette smoking protects against acoustic neuroma risk.
Allergic diseases and acoustic neuroma
Five studies were included in the risk analysis of allergic diseases. The ORs for asthma, eczema, and seasonal rhinitis were 0.98 (95% CI: 0.80-1.18), 0.91 (95% CI: 0.76-1.09), and 1.52 (95% CI: 0.90-2.54), respectively. Studies by Brenner, et al. 12 and Shoemaker, et al. 14 showed no significant association between allergic diseases and risk of acoustic neuroma, whereas a study by Schlehofer, et al. 16 found an increased risk for seasonal rhinitis, but not asthma and eczema. A large, 13-country populationbased case-control study indicated a significant inverse association between allergic history and acoustic neuroma (OR= 0.64, 95% CI: 0.49-0.83). Meanwhile, inverse associations with asthma and seasonal rhinitis were strengthened with increasing age of allergy onset and weakened with longer time since onset. 20 However, a case-control study nested in the European Prospective Investigation into Cancer study reported an inverse association between elevated respiratory-specific IgE concentrations and glioma (OR=0.73, 95% CI: 0.51-1.06), but not meningioma or acoustic neuroma. 34 Publications on the direct effect of allergic diseases on the development of acoustic neuroma are scarce. One explanation for the inverse associations between an allergic history and cancer risk is the hypothesis of immuno-surveillance, which was proposed firstly in 1970 by Burnet. 35 The hypothesis states that the immune system protects the host against the development of cancer. Another explanation might be reverse causality, which means that the observed association might be due to suppression of immune system by the tumor itself. 34 Nevertheless, the present meta-analysis indicated that seasonal rhinitis may be a possible risk factor of acoustic neuroma (OR=1.52, 95% CI: 0.90-2.54). Sensitivity analyses for the meta-analysis of seasonal rhinitis showed that exclusion of any single study did not materially alter the overall combined risk estimate, with a range from 1.34 (95% CI: 0.78-2.29) to 1.89 (95% CI: 1.13-3.16). Until now, there have been no exact mechanisms postulated on the relationship between seasonal rhinitis and acoustic neuroma. A study investigating the association between seasonal rhinitis and polymorphisms in Th1, Th2, and cytokine genes suggested a high association of several genetic variants for elevated IgE phenotype in seasonal rhinitis patients. 36 IgE-mediated allergic rhinitis may result in dysfunction of the eustachian tube and otitis media, which might prompt patients to receive additional examinations and discovery of acoustic neuroma.
12
Other risk factors and acoustic neuroma There are still several other possible risk factors for acoustic neuroma, such as head injury, alcohol consumption, and history of cancer. The study by Schoemaker, et al. 14 found that the risk of acoustic neuroma was not significantly reduced in participants who had a history of head trauma (OR=0.8, 95% CI: 0.6-1.1). The result was consistent with the case-control study by Corona, et al. 18 (OR=1.37, 95% CI: 0.66-2.82) and the cohort study by Inskip, et al. 37 (RR=0.8, 95% CI: 0.4-1.7). However, one neighborhood-base case-control study indicated a two-fold increase in acoustic neuroma risk in men 30 years or older after a major head trauma. 11 The study by Schoemaker, et al. 14 further indicated that the risk of acoustic neuroma is significantly raised for a history of epilepsy (OR=2.5, 95% CI: 1.3-4.9). Earlier studies found that acoustic neuroma risk was not related to consumption of alcohol, history of cancer/diabetes, and family cancer. 11, 14, 18 Several limitations of this study should be considered. First-ly, our meta-analysis contains 11 case-control studies. Owing to information about exposure that relied on the participants' memory, recall bias is common in case-control studies. Secondly, the sample sizes between these eligible studies vary widely. Several studies included a relatively small sample, 11, 18 which raised some concerns regarding the reliability of their results. Thirdly, there are potential confounding factors that may affect the results, such as different control types and research instruments. Among the enrolled studies, different studies are adjusted for different confounding factors: for example, age, gender, socioeconomic status, and region.
In summary, this meta-analysis suggested an elevated risk of acoustic neuroma among individuals who are ever exposed to leisure noise but not to occupational noise. We also found a lower acoustic neuroma risk among ever and current cigarette smokers than never smokers, whereas there was no significant relationship for ex-smokers. The elevated risk of acoustic neuroma was not positively related with any allergic diseases. The public health hazards associated with both cigarette smoking and occupational noise are well known and well documented; therefore, it is not our intention to endorse smoking as a means of protection against the development of acoustic neuroma. We also do not support loud occupational noise exposure without protection devices. Considering the limitations of our meta-analysis, our present findings should be interpreted with caution. Prospective studies including enough cases are needed to further confirm the role of these risk factors in the etiology of acoustic neuroma.
